A total of 13 isolates of Phialophora gregata from adzuki bean and soybean were examined for pathogenicity to adzuki beans, soybeans, mung beans, kidney bean, cowpea and pea by two inoculation tests. Isolates from adzuki bean were pathogenic to adzuki beans and mung beans, while isolates from soybean were pathogenic to soybeans and mung beans. That is, the isolates formed two distinct groups based on their pathogenicity to adzuki bean and soybean. The isozyme polymorphisms and DNA sequence homology, with its complete correspondence with pathogenicity, support the grouping of P. gregata isolates into two formae speciales. Accordingly, we proposed two formae speciales for this fungus on the basis of the specific pathogenicity P. gregata f. sp. adzukicola for adzuki bean pathogen and P. gregata f. sp. sojae for soybean pathogen.
INTRODUCTION
Brown stem rot (BSR) of adzuki bean (Vigna angularis (Willd.) Ohwi et Ohashi), caused by Phialophora gregata (Allington et Chamberlain) Gams3), was first reported in 1933 in Hokkaido, Japan11). Since this disease heavily reduced adzuki bean yield in Tokachi district in 1970, it became a major problem for cultivating adzuki bean. The fungus has been found to cause BSR of soybean (Glycine max (L.) Merrill) in the United States since 19441). Recently, BSR of soybean was observed also in Hokkaido2,10) and Akita Prefecture (Nakajima, personal communication).
Host range tests of these fungi reported so far indicate that the causal fungus of BSR of soybean in the United States and that of adzuki bean in Japan differ in pathogenicity.
Allington and Chamberlain1) reported that soybean isolates in the United States were pathogenic to soybean and mung bean (V. radiata (L.) Wilczek), but neither to kidney bean (Phaseolus vulgaris L.) nor to pea (Pisum sativum L.). Narita et al.8) reported that adzuki bean isolates in Japan were pathogenic to adzuki bean and mung bean, but neither to soybean nor to kidney bean, and they suggested that adzuki bean isolates of P. gregata in Japan and soybean isolates in the United States might differ in their pathogenicity.
Moreover, Kobayashi et al.4 ) investigated the occurrence of BSR of adzuki bean and soybean in a naturally infested field with adzuki bean isolate in Japan and in a naturally infested field with soybean isolate in the United States, and concluded that adzuki bean isolates in Japan and soybean isolates in the United States differed in their ability to infect and incite BSR in each host.
The purpose of this research was to compare pathogenicity of the Phialophora isolates from adzuki bean with that of the ones from soybean in Japan by two inoculation methods.
Also, together with the already reported genetic relationship between the two pathogens12,13), the taxonomic position of this fungus is discussed. Preliminary reports have already been presented elsewhere7,10),
MATERIALS AND METHODS
Fungal isolates and preparation of inoculum.
Isolates used in this study were isolated from diseased plants according to the method described by Kobayashi et al.5) , and kept on potato-dextrose agar slants at room temperature ( Table 1 ). suspensions were prepared by adding sterilized distilled water to each plate and scraping off the surface of the cultures with a brush. The suspension was passed through four layers of gauze. The concentration of conidia was adjusted to the desired number with the aid of a hemacytometer.
Pathogenicity tests.
Plants were inoculated using the following two methods: (i) Root dip inoculation: The pathogenicity of the isolates were examined on six leguminous plants, i.e. adzuki beans, soybeans, mung beans, kidney bean, cowpea (V. unguiculata (L.) Walp.) and pea. All seeds were rinsed in running tap water over night and sown in vermiculite.
expanded, then seedlings were removed and their root tips were cut with scissors. The roots of seedling were then dipped in the spore suspension (107 conidia/ml) for about 24hr.
Inoculated seedlings were transplanted into plastic pots (6 to 8 seedlings/pot) filled with a mixture of commercial soil for plant nursery (pot-ace, Katakura Chikkarin) and vermiculite (5:1). All plants were maintained in a greenhouse for additional two months, and the reaction of individual plant was investigated. External disease symptoms, wilting of leaf and defoliation, were estimated. The stem of inoculated plants was split longitudinally and examined for discoloration of vascular bundles and pith.
(ii) Soil inoculation: The pathogenicity of two adzuki bean isolates and three soybean isolates to adzuki bean (cv. Takara-shozu) and soybean (cv. Kitamishiro) were compared. The plants were inoculated with the fungus in the presence of soybean cyst nematode (Heterodera Table 1 . Sources of isolates of Phialophora gregata obtained from brown stem rot of adzuki bean and soybean glycines Ichinohe) as described by Negishi and Kobayashi9) . Soybean cyst nematode used in this study was kindly supplied by Dr. Mitsui and Mr. Shimizu, Hokkaido National Agricultural Experiment Station. Twenty-four seeds (6 seeds/pot) of each plant were sown in sterilized commercial soil (pot-ace). After two weeks, the soil in pots was simultaneously infested with spore suspension of each isolate second-stage larvae/g of dry soil). The inoculated plants were maintained in the phytotron extension of discoloration of vascular bundles and pith tissues based on the node position was scored.
Re-isolation of the fungus from the browning tissues was done to confirm the pathogenicity.
RESULTS

Root dip inoculation
The results in Table 2 indicate that all adzuki bean isolates were highly pathogenic to all cultivars of adzuki bean and mung bean but not to soybeans, kidney bean, cowpea and pea. Three weeks after inoculation, vascular browning and wilting of the lower leaves of adzuki bean plants were observed. Wilting of most leaves and partial defoliation were observed after five weeks in the severely affected plants (Plate I A), and most of the infected plants died after two months. Two cultivars of mung bean inoculated with adzuki bean pathogens showed wilting of the lower leaves, and internal browning mainly at pith tissues. This internal symptom differed from the symptom on adzuki bean. Moreover, two plants of soybean inoculated with adzuki bean pathogens showed limited internal browning upto soil line or cotyledonary node, but wilting of the leaves was not observed.
In contrast, all four soybean isolates used were pathogenic to all cultivars of soybean and mung bean but not to adzuki beans, kidney bean, cowpea and pea. Internal symptoms of the diseased plants were mainly pith browning. The external symptoms on soybean inoculated with soybean pathogen varied among isolates used. Severe symptoms were observed on culand died within two months (Plate I B). In the other isolates, however, moderate symptoms of wilting of partial leaves were observed.
Soil inoculation It is well known that disease severity of BSR of adzuki bean can be significantly increased by simultaneous inoculation with the fungus and soybean cyst nematode compared with inoculation with the fungus alone9). Simultaneous inoculation with the fungal spores and the larvae of nematode showed that soybean isolates were not pathogenic to adzuki bean (Fig. 1) . Adzuki bean was infected only by adzuki bean isolates. Isolate A58Ha infected 83% of adzuki beans, and vascular browning extended upto the 4th node in about 20% of the inoculated plants.
In the case of isolate A10, however, only 26% of the inoculated plants showed vascular browning.
The results also indicate that adzuki bean isolates were not pathogenic to soybean. The three soybean isolates tested infected soybean (Fig. 2) , and 70 to 90% of the inoculated plants showed internal browning. Pith discoloration was observed to extend upto 5th or 6th node, almost top of the stem. Numerals indicate total % of diseased plants. DISCUSSION Our results confirm the early reports4,8) that isolates of P. gregata from adzuki bean and soybean are pathogenic to their original hosts. The results show also that the two pathogens are pathogenic to mung bean but not to kidney bean, cowpea and pea.
It has been reported that there are no distinct morphological and physiological differences between adzuki bean and soybean isolates of P. gregata6,8). Although it was reported that there was no difference in temperature-growth response between the two pathogens6), further investigation revealed that optimum and maximum temperature of adzuki bean pathogen were higher two or three degrees than that of soybean pathogen (Yamamoto, unpublished data) .
Isozyme analysis of P. gregata isolates showed that adzuki bean pathogen could be differentiated from soybean pathogen at four enzyme systems, and the similarity based on the isozyme polymorphisms was 0.64 between the two pathogens13). DNA sequence homology study also suggested that there was substantial genetic diversity within P. gregata in Japan, indicating that this species consists of two distinct populations that were correlated to host specificity12).
Accordingly, the designation of two formae speciales in P. gregata as suggested earlier6,13) is warranted.
We propose Phialophora gregata ( 
